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Introduction
Cushing Oklahoma is an area of concern because it is a major hub of the U.S. oil and gas pipeline transportation system that includes operational sections of the Keystone pipeline 
Identifying reactivated faults near Cushing Oklahoma
Fault length, orientation, and associated seismicity are key inputs to seismic hazard assessment. With this in mind, we examined the source characteristics of the October 2014 Cushing earthquake sequence. Using continuous data from portable seismic stations deployed in the vicinity of the epicenter (Figure 1 ) and template waveforms from the M 4.3 earthquake, we ran a subspace detection algorithm to identify subsequent aftershocks Combined analysis of the spatial distribution of earthquakes and regional moment tensor (RMT) focal mechanisms indicate reactivation of a subsurface unnamed and unmapped left-lateral strike-slip fault (striking N80W) (herein called the Cushing fault) that is conjugate to the main branch of the Wilzetta-Whitetail fault zone and has no known historical seismicity [Northcutt and Campbell, 1995; McBee, 2003; Bennison, 1964; Joseph, 1987] (Figures 1 and 3) . ΔCFS calculations for the Cushing sequence (Figures 1 and S2 ).
In addition, increased static stress is modeled on the vertically dipping Cushing fault beyond the ends of the recent earthquakes, and within the shallow basement above the current sequence, over a total length of about 10 km (Figures 1 and S2 ). Scaling relations suggest that a rupture area of the dimensions that have experienced increased static stress could host earthquakes as large as the 2011 Prague earthquake (Mw 5.6) [Wells and Coppersmith, 1994] .
If the Wilzetta-Whitetail fault zone were to rupture beyond the region of increased stress into the active structures extending south of Cushing, the possibility of a significantly larger and damaging earthquake exists ( Figure S3 ). Conjugate strike-slip fault systems are common in tectonically active regions such as the western US and have caused large and damaging earthquakes in the recent past. For example, the compound November 1987 Elmore Ranch-Superstition Hills earthquake sequence in southern California demonstrated that rupture on a conjugate strike-slip "cross-fault" is capable of triggering rupture on a main fault [Hudnut, 1989] . Intraplate regions such as the seismogenic parts volume injection wells. Hydraulic fracturing operations used in enhanced oil and gas extraction have also been linked to earthquakes in central Oklahoma [Holland, 2013b] Shortly after the 7 October 2014 Cushing Mw 4.0 event, the Oklahoma Corporation Commission (OCC) halted injection operations at three wells (Figure 1) 
Implications for earthquake hazard
Earthquakes within the Cushing sequence are of particular interest because of their proximity to critical energy industry infrastructure. Based on results from this study and observed shaking during the 2011 Prague M5.6, the Department of Homeland Security (DHS), whose responsibility it is to monitor critical national strategic infrastructure, recognized the hazard posed to the Cushing oil storage facility. For this reason, the newly identified Cushing fault was used by the DHS to compute a USGS PAGER/ShakeMap scenario for emergency response planning purposes at the Cushing storage facility. 
Conclusions
Based on stress changes due to the 2014 Cushing sequence, and continued wastewater injection, it is reasonable to conclude that the Cushing and Wilzetta-Whitetail fault zones are critically stressed in a region sufficient enough to increase the likelihood of a large and damaging earthquake. Results from this study can be used as guidance to the recommendation [Zoback, 2012 ] that the energy industry should "avoid injection into active faults" and be prepared to distribute the volume across wells, and/or be prepared to abandon wells altogether in areas of unacceptable risk. The coupling of high-resolution seismicity methodologies with Coulomb stress analysis and with empirical and/or modeled seismicity response due to well-monitored injection volumes offers a path forward towards effective and economically valuable coupled operational earthquake forecasting and associated injection well management in regions of significant induced seismicity.
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(top inset) Depth profile along strike of the inferred Cushing fault (A-A'). (bottom inset) Depth profile perpendicular to strike of the Cushing fault (B-B'
).
